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Abstract of JP1 0275524 

PROBLEM TO BE SOLVED: To prevent significant corrosion 
even if a plasma resistance member is exposed to plasma 
under halogen-based corrosive gas atmosphere and improve 
permeability of microwaves by forming an aluminum nitride 
sintered body essentially consisting of an aluminum nitride, 
an average crystal particle size thereof being a specific value 
or more, and a dielectric loss in a microwave band being a 
specific value or less. 

SOLUTION: In an electrostatic chuck 1, an upper face of a 
ceramic base body 2 is used as a adsorption face 3, and an 
adsorption electrode 4 is embedded inside the adsorption 
face 3 of the ceramic base body 2. The ceramic base body 2 
is 3 micrometers or more, for example 3 to 15 micrometers in 
average crystal particle size of an aluminum nitride and is 
formed of a high-purity aluminum sintered body in which a 
dielectric loss of the microwave band is 1 x io<-2> or less. 
Thereby permeability of the microwave can be increased 
thus suppressing heating due to absorption of the microwave 
energy. Consequently, when an adsorbed material 50 is 
adsorbed and held by employing the electrostatic chuck 1 , 
filming precision or etching processing precision can be 
improved. 
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[Title of the Invention] 
PLASMA RESISTANT MEMBER 
[Abstract] 

[Problem to be solved] 

To provide a plasma resistant member having excellent plasma 
resistance even in an environment of a halogen type corrosive gas such as a 
fluorine type or chlorine type gas and excellent in microwave 
transmissibility. 
[Solution] 

A substrate to be exposed to plasma in a halogen type corrosive gas 
atmosphere such as a fluorine type or chlorine type gas is made of an 
aluminum nitride sintered body mainly composed of aluminum nitride and 
having an average crystal particle diameter of 3 \xm or larger and a 
dielectric loss of 1 x 10 2 or less in a microwave band. 
[Claim] 

1. A plasma resistant member comprising a substrate to be exposed to 
plasma in a halogen type corrosive gas atmosphere such as a fluorine type 
or chlorine type gas, wherein the substrate is made of an aluminum nitride 
sintered body mainly composed of aluminum nitride and having an average 
crystal particle diameter of 3 nm or larger and a dielectric loss of 1 x 10 2 or 
less in a microwave band. 
[Detailed Description of the Invention] 
[0001] 

[Industrial Field of the Invention] 

The invention relates to a plasma resistant member made of an 



aluminum nitride sintered body having excellent plasma resistance in an 
environment of a halogen type corrosive gas such as a fluorine type or 
chlorine type gas and excellent in microwave transmissibility and for 
example, in a semiconductor fabrication apparatus, a liquid crystal 
5 production apparatus, a photosensitive drum manufacturing apparatus and 
the like, the member is suitable for a substrate composing a microwave 
introduction window and a microwave-coupling antenna to be used i„ , 
CVD apparatus, a sputtering apparatus, an etching apparatus or the like in 
which microwave is mainly used and plasma is generated in an enviroment 
10 of a halogen type corrosive gas or composing a specimen supporting stand or 
the like such as an electrostatic chuck or a susceptor. 
[0002J 

[Prior Art] 

Conventionally, for example, in the semiconductor device fabrication 
process, an apparatus provided with a plasma generation mechanism using 
microwave for highly dense integration has been employed for a film 
formation apparatus such as a CVD apparatus and a sputtering apparatus 
for forming a thin film on a semiconductor wafer or a semiconductor device 
fabrication apparatus such as an etching apparatus for finely processing a 
!0 semiconductor wafer and one of such apparatuses employs 
electron-cyclotron resonance. 
[0003] 

The electron-cyclotron resonance is a mechanism for generating high 
density plasma by supplying energy to free electrons by an electromagnetic 
> "eld by elec.rom,cr„wave and a senuconductor wafer is finely processed by 
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the plasma energy generated thereby or a thin film is formed on a 
semiconductor wafer by decomposing film forming gases to atomic state. 
[0004] 

A semiconductor device fabrication apparatus provided with such 
5 plasma generation mechanism comprises a microwave introduction window, 
a microwave-coupling antenna, or a specimen supporting stand such as a 
susceptor or an electrostatic chuck. 
[0005] 

The microwave introduction window and the microwave-coupling 
10 antenna are therefore required to have plasma resistance in the halogen 
type corrosive gas atmosphere, high microwave transmissibility (a low 
dielectric constant and a low dielectric loss factor), and good vacuum 
air-tightness and the specimen supporting stand such as a susceptor and an 
electrostatic chuck is required to have plasma resistance, heat resistance, 
15 and wear resistance in the halogen type corrosive gas atmosphere, so that 
those made of alumina sintered bodies have been made available as such 
Plasma resistant members (reference to Japanese published unexamined 
Application No. 6-345527). 
[0006] 

20 [Problems to be Solved] 

However, since an alumina sintered body is inferior in thermal 
impact resistance, if it is use d for a microwave introduction window or a 
microwave-coupling antenna, the temperature increases locally at the time 
of nucrowave transmission and owing to the thermal stress, the alumina 

25 smtered body is possibly broken and also, in the case of using the alumina 
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sintered body for a specimen supporting stand, it is possibly broken because 
of local temperature increase and at the same time, because of poor thermal 
conductivity, it is difficult for the alumina sintered body to evenly heat or 
cool a semiconductor wafer to a prescribed temperature and thus there have 
5 been a problem that the film formation precision or processing precision is 
adversely affected. 
[0007] 

On the other hand, a plasma resistant member made of an 
aluminum nitride sintered body having excellent plasma resistance even in 

10 an environment of a halogen type corrosive gas such as a fluorine type or 
chlorine type gas and excellent in thermal impact resistance and having a 
high thermal conductivity as compared with those of an alumina sintered 
body is proposed (reference to Japanese published unexamined Application 
No. 5-251365). 

15 [0008] 

However, the aluminum nitride sintered body has a problem that the 
dielectric loss in the microwave band becomes considerably high. 
[0009] 

Therefore, if a plasma resistant member made of the aluminum 
20 nitride sintered body is used as a microwave introduction window or a 
microwave-coupling antenna, since the microwave energy is considerably 
absorbed and the transmission of the microwave is deteriorated, plasma 
with a prescribed output intensity can not be generated and moreover, since 
the member is heated to a high temperature because of the microwave 
energy absorption, the member may be broken by the thermal stress caused 
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thereby and in the case the member is used as a specimen supporting stand, 
the temperature of the specimen supporting stand is increased to a 
prescribed level or higher accompanied with the absorption of the 
microwave energy and accordingly, the film formation precision or 
5 processing precision is adversely affected. 
[0010] 

[Means for Solving the Problems] 

Giving attention to an aluminum nitride sintered body excellent in 
thermal impact resistance and the thermal conductivity as compared those 
10 of an alumina sintered body and also having excellent plasma resistance in 
the halogen type corrosive gas atmosphere, inventors of the invention have 
repeatedly carried out various experiments to find whether the dielectric 
loss of the aluminum nitride sintered body in the microwave band can be 
decreased or not and consequently have found that the dielectric loss is 
15 affected by the particle diameter of aluminum nitride and that the dielectric 
loss of the aluminum nitride sintered body in the microwave band can be 
suppressed to 1 x 10- or less by controlling the average crystal particle 
diameter to be 3 um or larger. 
[0011] 

20 That is, a plasma resistant member of the invention to be exposed to 

Plasma in a halogen type corrosive gas atmosphere such as a fluorine type 
or chlorine type gas is made of an aluminum nitride sintered body mainly 
composed of aluminum nitride and having an average crystal particle 
diameter of 3 um or larger and a dielectric loss of 1x10* or less in a 

25 microwave band. 
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[0012] 

The reason for controlling the dielectric loss of the aluminum nitride 
sintered body to be 1 x 10- or less is because the microwave transmission 
can be increased and heat generation accompanied with microwave energy 
5 absorption can be suppressed. 
[0013] 

To suppress the dielectric loss in the microwave band to 1 x 10* or 
less, it is very important to control the average crystal particle diameter of 
aluminum nitride to be 3 um or larger, preferably 10 to 15 urn. 
10 [0014] 

That is because if the average crystal particle diameter of aluminum 
nitride is smaller than 3 um, although the plasma resistance, mechanical 
strength or the like can be increased, the dielectric loss in the microwave 
band becomes higher than 1 x 10* and therefore the microwave 
15 transmission is deteriorated to result in generation of local thermal stress in 
the sintered body. Additionally, if the average crystal particle diameter of 
aluminum nitride is too large, the mechanical strength of the aluminum 
nitride sintered body is considerably decreased and therefore it is better to 
limit to 50 um. 
20 [0015] 

On the other hand, as the aluminum nitride sintered body 
comprising the plasma resistant member of the invention, a high purity 
aluminum nitride sintered body substantially containing only aluminum 
nitride, or an aluminum nitride sintered body containing 1 to 10% by weight 
25 of rare earth oxides such as Y 2 0 3 , Er 2 0 3 , and Ce0 2 is preferable and 
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especially the high purity aluminum nitride sintered body can significantly 
suppress corrosion by plasma and thus has excellent plasma resistance 
since it scarcely has grain boundaries. 
[0016] 

5 In addition, if the porosity of the aluminum nitride sintered body is 

higher than 1% or if there are pores with a pore diameter of larger than 10 
um, corrosion by plasma proceeds and therefore the aluminum nitride 
sintered body is better to have a highly dense structure with a porosity of 
1% or less and a pore diameter of 10 urn or smaller. 
10 [0017] 

Further, the aluminum nitride sintered body contains, as impurities, 
Si, Na or a group IIA element such as Ca and especially Si easily react with 
a halogen type corrosive gas and promote corrosion by plasma. Therefore, 
in terms of improvement of the plasma resistance, the content of Si should 
15 be suppressed to 1,500 ppm or less, preferably 1,000 ppm or less, and the 
content of other impurities should also be suppressed to 2,000 ppm or less. 
[0018] 

With respect to production of the plasma resistant member of the 
invention, either a binder and a solvent are added to and mixed with only an 

20 A1N powder with a purity of 99% or higher and having an average crystal 
particle diameter of 3 urn or smaller, preferably 1 urn or smaller to obtain a 
slurry or a binder and a solvent are added to and mixed with the 
above-mentioned A1N powder mixed with 1 to 10% by weight of rare earth 
oxides such as Y 2 0 3 , Er 2 0 3 , and Ce0 2 having an average crystal particle 

25 diameter of 1 um to obtain a slurry. 
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[0019] 

At that time, the reason for setting the average crystal particle 
diameter of the A1N powder to be 3 (im or smaller is because a fine A1N 
powder is better to obtain an even composition. Incidentally, the content of 
Si as an impurity in the foregoing A1N powder is preferable to be 1,500 ppm 
or less and the content of Na and a groups IIA element such as Ca is 
preferable to be 2,000 ppm or less. 
[0020] 

Next, these slurries are formed into prescribed shapes by a 
conventionally known forming means, e.g. a tape formation method such as 
a doctor blade method, a casting formation method, or an extrusion molding 
method. Alternately, the above-described slurries are dried and granulated 
to obtain granules and the obtained granules are fed in a mold and formed 
into prescribed shapes by a conventionally known forming means such as a 
press molding method or a rubber pressing molding method. 
[0021] 

After that, the formed bodies are fired and the firing conditions are 
very important in order to control the average crystal particle diameter of 
the resulting sintered aluminum nitride sintered bodies to be 3 Jim or larger. 
[0022] 

If a formed body is made of only an A1N powder, a plasma resistant 
member made of a highly pure aluminum nitride sintered body with a 
purity of 99% or higher can be obtained and the average crystal particle 
diameter of the aluminum nitride can be controlled to be 3 [im or larger by 
firing the formed body at a temperature about 2,000 to 2,100°C for 1 to 
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several hours in nitrogen atmosphere pressurized at around 65 kg/cm 2 . 
Meanwhile if a formed body is consisting of an A1N powder mixed with 
earth oxides, a plasma resistant member made of an aluminum nitride 
sintered body containing the rare earth oxides can be obtained and the 
5 average crystal particle diameter of the aluminum nitride can be controlled 

to be 3 urn or larger by firing the formed body at a temperature about 1,600 

to 1,900-C for 1 to several hours in nitrogen atmosphere pressurized at 

around 65 kg/cm 2 . 

[0023] 

10 [Embodiments of the Invention] 

Hereinafter, embodiments of the invention will be described. 

[0024] 

Fig. 1 shows an electrostatic chuck 1 made of a plasma resistant 
member of the invention. The top face of the ceramic substrate 2 is set to 
15 be an attraction face 3 and electrodes 4 for attraction are embedded inside 
in the attraction face 3 side of the ceramic substrate 2 and the foregoing 
ceramic substrate 2 is made of a high purity aluminum nitride sintered body 
having an average crystal particle diameter of aluminum nitride in a range 
of 3 to 15 urn and a dielectric loss in the microwave band of 1 x 10-2 or less , 
20 [0025] 

The electrodes 4 for attraction embedded in the inside of the ceramic 
substrate 2 are preferable to have a thermal expansion coefficient 
approximate to that of the aluminum nitride sintered body forming the 
ceramic substrate 2 in terms of prevention of deformation and damage of the 
25 ceramic substrate 2 and for example, metals such as tungsten, molybdenum, 
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Kovar or the like and their alloys can be used. 
[0026] 

When an object to be attracted 50 is put on the attraction face 3 of 
the electrostatic chuck 1 and voltage is applied between the object 50 and 
5 the electrodes 4 for attraction, Coulomb force owing to dielectric polarization 
and Johnsen-Rahbek force owing to slight leakage current are generated to 
attract and hold the object 50 by the attraction face 3. In this embodiment, 
since the ceramic substrate 2 composing the electrostatic chuck 1 is made of 
the high purity aluminum nitride sintered body, it is scarcely corroded even 
10 if it is exposed to plasma in the environment of the halogen type corrosive 
gas such as a fluorine type or chlorine type gas and further, since the 
average crystal particle diameter of aluminum nitride is 3 am or larger, the 
dielectric loss in the microwave band can be suppressed to 1 x 10* or less. 
Consequently, heat generation due to the absorption of microwave energy 
15 can be suppressed and therefore, if the object 50 to be fixed is attracted and 
held by the electrostatic chuck 1 and heated or cooled from the down face of 
the electrostatic chuck 1 by a temperature control mechanism, the object 50 
to be fixed can evenly be heated or cooled to a prescribed temperature and 
accordingly, the film formation precision and etching processing precision 
20 can be improved. 
[0027] 

Fig. 2 shows a susceptor 11 made of a plasma resistant member of 
the invention and comprising a disk-like ceramic substrate 12 and the top 
face of the substrate is set to be a holding face 13 and the ceramic substrate 
25 12 is made of an aluminum nitride sintered body containing 1 to 10% by 
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weight of rare earth oxides such as Y 2 0 3) Er 2 0 3 , and Ce0 2 and having an 
average crystal particle diameter of aluminum nitride in a range of 3 to 15 
um and a dielectric loss in the microwave band of 1 x 10 2 or less. 
[0028] 

In this embodiment, since the ceramic substrate 12 composing the 
susceptor 11 is made of the aluminum nitride sintered body, it is scarcely 
corroded even if it is exposed to plasma in the environment of the halogen 
type corrosive gas such as a fluorine type or chlorine type gas and further, 
since rare earth oxides such as Y 2 0 3 , Er 2 0 3 , and Ce0 2 are contained therein, 
the thermal conduction property can be improved such that the thermal 
conductivity is 100 W/mk or higher. Moreover, since the average crystal 
particle diameter of aluminum nitride is 3 um or larger, the dielectric loss in 
the microwave band can be suppressed to 1 x 10-2 or less. Consequently, 
heat generation accompanied with the absorption of microwave energy can 
be suppressed and therefore, if the object 50 to be fixed is set on the holding 
face 13 of the susceptor 11 and indirectly heated from the down face of the 
susceptor 11 by an IR lamp 51, the object 50 to be fixed can evenly be heated 
or cooled to a prescribed temperature and accordingly, the film formation 
precision can be improved. 
[0029] 

Fig. 3 shows a microwave introduction window 21 made of a plasma 
resistant member of the invention and to be a partitioning wall in the case 
of introducing microwave generated by a plasma generation mechanism into 
a treatment chamber. The microwave introduction window 21 is composed 
of a disk-like ceramic substrate 22 and the ceramic substrate 22 is made of a 
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high purity aluminum nitride sintered body having an average crystal 
particle diameter of aluminum nitride in a range of 3 to 15 urn and a 
dielectric loss in the microwave band of 1 x 10 2 or less. 
[0030] 

Both sides of the foregoing ceramic substrate 22 are air-tightly 
sealed with a film formation apparatus or an etching apparatus with sealing 
members such as 0 rings and in order to increase the plasma resistance, 
their surface roughness is adjusted to be 0.2 urn or less on the basis of 
arithmetical mean deviation (Ra). 
[0031] 

In this embodiment, since the ceramic substrate 22 composing the 
microwave introduction window 21 is made of a high purity aluminum 
nitride sintered body, it is scarcely corroded even if it is exposed to plasma 
the environment of the halogen type corrosive gas such as a fluorine type 
chlorine type gas and further, since the microwave transmissibility is high, 
plasma with a prescribed output intensity can be generated and at the same 
time, since the microwave energy absorption is slight, damages by thermal 
stress can be prevented. 
[0032] 

In the embodiments, the electrostatic chuck, the susceptor, and the 
microwave introduction window made of the plasma resistant members of 
the invention are exemplified, however it is no need to say that such plasma 
resistant members can be used suitably as substrates composing a 
microwave-coupling antenna, a monitoring window of a treatment chamber, 
an interior wall material of a treatment chamber to be employed for a film 
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or 
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formation apparatus such as a CVD apparatus, a sputtering apparatus, and 
the like provided with the plasma generation mechanism or an etching 

apparatus. 
[0033] 
5 [Examples] 

Here, plasma resistant members of high purity aluminum nitride 
sintered bodies with different average crystal particle diameters of 
aluminum nitride were prepared and subjected to experiments for 
measuring the thermal conductivity, the dielectric constant in the 
10 microwave band, and the dielectric loss. 
[0034] 

In examples, a binder and a solvent were added to an A1N powder 
with a purity of 99.8%, having an average particle diameter of about 1.2 urn, 
and containing Si ofl.OOO ppm or less as an impurity to produce a slurry 
15 and a plurality of green sheets with a thickness of 0.4 mm were produced by 
a doctor blade method. These green sheets were laminated and thermally 
bonded at a temperature of about 80-C by pressurizing at 50 kg/cm* and 
then subjected to cutting process to obtain disk-like plates. After that, the 
Plates were vacuum debased and fired at a temperature and a pressure 
20 properly controlled in a range of 1,600 to 2,200-C and 1 to 100 kgW, 

respectively, in nitrogen atmosphere to obtain disk-like ceramic substrates 
with a diameter of 200 mm and a thickness of 8 mm with different average 
c^tal particle diameters of aluminum nitride and the substrates ground in 
both faces to have the arithmetical mean delation (Ra) of 0.1 urn were used 
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as specimens. 



14 



[0035] 

The thermal conductivity, the dielectric constant, and the dielectric 
loss of these specimens were measured respectively. 
[0036] 

5 The average crystal particle diameter of aluminum nitride was 

measured as follows: a cross-section of each specimen was photographed by 
SEM (an electron microscope) with 1,000 magnifications and ten lines were 
optionally drawn in the photograph and then the total of the length of the 
respective lines was divided by the number of crystal particles on the 
10 respective lines to obtain the value as the arithmetical means deviation. 
The thermal conductivity was measured by a laser flash method and the 
dielectric constant and the dielectric loss in the microwave band were 
measured by a resonator method at a resonance frequency of 2.45 GHz. 
[0037] 
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c constant, and 
specimens are as shown in Table 1. 



The properties (the thermal conductivity, the dielectri 
the dielectric loss) of the respective 
[0038] 

[Table 1] 
Purity 



Average crystal particle 
diameter of aluminum 
nitride (um) 



Thermal 
conductivity 
(W/mK) 



Dielectric 
constant 



Dielectric loss 
(xlO-2) 




Purity means the purity of an aluminum nitride 
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sintered body. 
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[0039] 

According to the results, as the average crystal particle diameter of 
aluminum nitride becomes larger, the dielectric constant and the dielectric 
loss tend to be smaller and especially, as the specimens B to F, if the average 
5 crystal particle diameter of aluminum nitride was controlled to be 3 um or 
larger, the dielectric loss could be suppressed to 1 x 10* or less. 
Incidentally, even if the average crystal particle diameter of aluminum 
nitride was increased, the thermal conductivity was found not changing. 
[0040] 

10 Next, an experiment was carried out to examine the microwave 

transmissibility and plasma resistance in CF 4 g as atmosphere by disposing 
these specimens as microwave introduction windows in a CVD apparatus 
using an electron-microtron resonance. 
[0041] 

15 In the experiment, the microwave transmissibility was evaluated by 

measuring the heat generation at the time of introducing microwave of 2 
KW at 2.45 GHz and with the plasma resistance, O is marked to those 

whose corrosion degree in the thickness was less than 10 am and X is 
marked to those which were corroded more than that. 
20 [0042] 



The results of the respective properties are shown as Table 



2. 
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[0043] 
[Table 2] 



B 

C 



D 

E 



Heat generation 
_temperature (°C) 



120 



60 
50 



30 
50 



50 



Plasma resistance 



O 



O 



o 



o 



o 



[0044] 



According to the result,, since ail of the specimens were made of 
high purity aluminum nitride sintered bodies, they 



resistance. 
[0045] 



were excellent in plasma 



However, since the average crystal particle diameter 



nitride was as small as 2 um, the 



of aluminum 



0 than lx 10-2 and for that, the 



specimen A had a dielectric loss higher 



120°C. 
[0046] 



microwave introduction window was heated to 



On the other hand, the specimens B to F having an average crystal 
particle diameter of aluminum nitride 3 
1x10-2 or less, so that the heat 



Mm or smaller had dielectric loss of 
generation temperature was suppressed to 
at highest 60o C and especially, among the aluminum 
in this experiment, the window of the 



nitride sintered bodies 
specimen D having an average crystal 
Particle diameter of aluminum nitride adjusted to be 10 m was found to be 
most efficient to suppress heat generation. 
[0047] 



As described above, it is f oun d that if the 



average crystal particle 
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diameter of aluminum nitride is controlled to be 3 |im or smaller, the 
dielectric loss can be suppressed to 1 x 10 2 or less and accordingly, the 
microwave transmissibility can be increased. 
[0048] 

Incidentally, plasma resistant members made of the high purity 
aluminum nitride sintered bodies were exemplified in the Examples, and 
similar results were found in the case of plasma resistant members made of 
aluminum nitride sintered bodies containing rare earth oxides. 
[0049] 

[Effects of the Invention] 

According to the invention, a plasma resistant member to be exposed 
to plasma in a halogen type corrosive gas atmosphere such as a fluorine type 
or chlorine type gas is made of an aluminum nitride sintered body mainly 
composed of aluminum nitride and having an average crystal particle 
diameter of 3 |im or larger and a dielectric loss of 1 x 10" 2 or less in a 
microwave band, so that even if the plasma resistant member is exposed to 
plasma in a halogen type corrosive gas atmosphere, no significant corrosion 
occurs and excellent microwave transmissibility is obtained. 
[0050] 

Consequently, if the plasma resistant member of the invention is 
used for composing a specimen supporting stand of an electrostatic chuck or 
a susceptor, heat generation accompanied with microwave absorption can be 
suppressed and therefore, an object to be fixed can evenly be heated or 
cooled to a desired temperature and if the plasma resistant member is used 
for composing a microwave introduction window or a microwave-coupling 
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antenna, plasma with a prescribed output intensity can be generated and 
therefore, the film formation precision and the processing precision can be 
increased. 

[Brief Description of the Drawings] 

[Fig. 1] Fig. 1A is a perspective view of an electrostatic chuck made of a 
plasma resistant member of the invention and Fig. IB is a cross-sectional 
view along X-X line of Fig. 1A. 

[Fig. 2] A perspective view showing a susceptor made of a plasma resistant 
member of the invention. 

[Fig. 3] A perspective view showing a microwave introduction window 
made of a plasma resistant member of the invention. 
[Explanation of Symbols] 
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an electrostatic chuck 


2 


a ceramic substrate 


3 


an attraction face 


4 


electrodes for attraction 


11 


a susceptor 


12 


a ceramic substrate 


13 


a holding face 


21 


a microwave introduction window 


22 


a ceramic substrate 


50 


an object to be attracted 


51 


an IR lamp 
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